Our previous study reported the effectiveness of the product of tumor number and size (NxS factor) as a predictor of the prognosis of patients with hepatocellular carcinoma (HCC) following hepatectomy. The aim of the present study was to validate the prognostic value of scoring systems based on the NxS factor for HCC. The records of 940 patients who underwent hepatectomy for
Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide (1, 2) . Although liver resection for HCC is now considered a safe approach (3, 4) and has the highest local controllability of all local treatments, the recurrence and death rates of HCC remain high even after curative hepatectomy Additionally, predicting the prognosis of HCC patients is more complex than that of patients with most solid tumors, because it depends on the tumor burden, in addition to the patient's underlying liver disease and liver functional reserve (5) . Therefore, staging systems based on both tumor factors and host factors such as liver function have been required to accurately classify HCC patients undergoing various therapeutic options (6) (7) (8) . Several staging systems/prognostic scores such as the Japan Integrated Staging score (JIS score) (9) , modified JIS (M-JIS) score (10) , Albumin-Bilirubin grade with TNM score (ALBI-T score) (11) , the Cancer of the Liver Italian Program (CLIP) score (12) , the Tokyo Score (13) , and Barcelona Clinic liver cancer (BCLC) staging (14) have been proposed during the last two decades.
One of the goals of staging systems today is to provide an evidence-based treatment guide (14) . Although all staging classifications have been designed to predict prognosis, many Utility of scoring systems combining the product of tumor number and size with liver function for predicting the prognosis of patients with hepatocellular carcinoma after hepatectomy staging systems lack optimal treatment allocation except for BCLC. The BCLC classification is currently the most used in Western countries as a standard, and the precise description of treatment strategy is indicated at this stage. However, BCLC treatment recommendations were not suitable in all situations. In Japan, it is considered that the therapeutic algorithm in the Japanese guidelines for the management of liver cancer is established and superior to the BCLC treatment algorithm in Japanese population (15) . Recently, the Hong Kong Liver Cancer (HKLC) classification was constructed by a Hong Kong group to developed treatment guidance for Asian patients with HCC (16) . Among these countries, treatment situations and options are various in some part, thus, it seems to be currently difficult to establish the unified staging system which provides both optimal treatment recommendation and prediction prognosis for worldwide. Another goal of staging systems is to develop a globally applicable staging classification (17) . There is currently no globally accepted system for assessing HCC patients, due to the heterogeneity of the tumor extension and of underlying liver disease, and thus no common language on which to base treatment decisions and guide research. For practical purposes, staging systems should be simple and based on data that are easily obtainable.
We previously reported the effectiveness of the product of tumor number and size (NxS factor), and we constructed a mathematical integrated model for tumor staging (MITS) score by combining the NxS factor with liver function to predict the prognosis of HCC patients who underwent curative hepatectomy at Yamaguchi University School of Medicine (18, 19) .
The aim of the current study is to perform external validation of scoring based on the NxS factor, which were very simple and may potentially become one of a common score in many countries, in terms of stratification ability compared with known prognostic systems.
Materials and methods
From 1990 to 2010, a total of 1063 HCC patients who underwent hepatectomy with a minimum follow-up of 5 years after surgery in Osaka University Hospital (n=343) and Osaka International Cancer Center (n=720) were eligible for this study. The indications for liver resection were in accordance with the Japanese guideline on liver cancer examination and treatment (20) , which recommends hepatectomy for HCC with ≤3 lesions if liver function is Liver damage A or B, regardless of the tumor size in preoperative imaging modality.
The diagnoses of HCC were all confirmed pathologically. Curative hepatectomy was defined as complete resection of all tumor nodules without involving any major branch of the portal or hepatic veins. Patients were excluded from the analysis if they met any of the following criteria: Volume reduction surgery or HCC with thrombosis of a major branch of the portal or hepatic vein (n=35), distant metastasis (n=1), Child-Pugh classification C and/or liver damage classification C (n=5), death within 90 days after surgery (n=3), death from other diseases (n=8), information about recurrence not collected (n=6), and insufficient clinical data (n=65). Finally, 940 patients were enrolled in the study. All patients were followed-up after hepatectomy until death or the date of the last follow-up visit, and survival was censored in December 2015.
Data on tumor factors, such as the maximum size of the main tumor, number of tumors, differentiation, and microvascular invasion, were based on the final pathological findings of the resected liver. Laboratory data, including serum bilirubin, albumin, prothrombin activity, platelet count, indocyanine green retention rate at 15 min (ICG-R15), hepatitis B surface antigen, anti-hepatitis C antibody, and alpha-fetoprotein (AFP), were obtained before operation. The Child-Pugh classification (21) , the degree of liver damage classification by the Liver Cancer Study Group of Japan (LCSGJ) (22) , the ALBI grade (23), JIS score, M-JIS score, ALBI-T score, CLIP score, Tokyo score, and BCLC staging system were evaluated using these variables.
The NxS factor, as a marker of tumor burden of the MITS score, was incorporated with the parameters used to assess liver functions such as the Child-Pugh classification (MITS-CP score), the degree of liver damage classification (MITS-LD score), and the ALBI grade (MITS-ALBI score) (Tables I-IV ). The NxS factor was categorized into three groups (<4, 4-9, and >9). We had determined the optimal cut-off values of the NxS factor at 4 and 9 in reference to the Milan criteria (single tumor ≤5 cm in size or ≤3 tumors each ≤3 cm in size) (24) , and in the previous report, we had demonstrated that cut off value of NxS factor at 4 and 9 had high accuracy in predicting in recurrence of HCC, and given that the NxS factor and the degree of Liver Damage classification by LCSGJ were independent risk factors for HCC prognosis by multivariate analysis (19) .
In the MITS score, single-digit values were assigned to each group to show the disparity in severity. Patients with NxS factors <4, 4-9, and >9 were assigned the single-digit values of 0, 1, and 2, respectively. Patients with Child-Pugh and the degree of liver damage classes A, B, and C were assigned the single-digit values of 0, 1, and 2, respectively. Similarly, patients with ALBI grades 1, 2, and 3 were assigned the single-digit values of 0, 1 and 2, respectively.
The MITS-CP score was obtained via the summation of the NxS value and the Child-Pugh value, the MITS-LD score was obtained via the summation of the NxS value and the liver damage value, and the MITS-ALBI score was obtained via the summation of the NxS value and ALBI value, respectively.
This retrospective study was approved by Institutional Review Board of Yamaguchi University Hospital [H27-141(December 22, 2015)], and the retrospectively collected data were analyzed statistically and assessed at Yamaguchi University.
Statistical analysis. The variables analyzed were patient age, sex, liver function, tumor factors and scores of the systems. Continuous variables were expressed as the median ± standard error. Disease-free survival (DFS) and overall survival (OS) curves were plotted with the Kaplan-Meier method, and differences in DFS and OS between the groups were compared using Generalized Wilcoxon Test on univariate analysis. The Holm correction for multiple comparisons was applied. Staging systems for HCC were tested by multivariate Cox analyses of both DFS and OS. P-values less than 0.05 were considered statistically significant. Statistical analysis was performed using JMP version 13.0 (SAS Institute Japan, Tokyo, Japan).
Results
The baseline characteristics of the 940 HCC patients are shown in Table V . Of the 940 patients, 668 developed HCC recurrence within 5 years after hepatectomy. The disease-free median survival time was 26.8 months [95% confidence interval (CI), 24.8 to 30.1 months], and the 1-, 3-, and 5-year DFS rates were 73.0, 42.1, and 28.4%, respectively. Furthermore, 320 patients died within 5 years after hepatectomy. The OS time was 82.8 months (95% CI, 76.5 to 88.8 months), and the 1-, 3-, and 5-year OS rates were 95.6, 80.0, and 66.0%, respectively.
The 1-year DFS rates were 80.8, 68.6, and 47.2%, the 3-year DFS rates were 50.5, 35.4, and 21.1%, and the 5-year DFS rates were 33.3, 24.6, and 15.4% in patients with NxS factor <4, NxS factor 4-9, and NxS factor >9, respectively. The 1-year OS rates were 98.1, 95.2, and 85.2%, the 3-year OS rates were 85.9, 79.0, and 54.6%, and the 5-year OS rates were 73.8, 59.9, and 45.4% in patients with NxS factor <4, NxS factor 4-9, and NxS factor >9, respectively. There were significant differences in DFS and OS among the groups classified by NxS factor (all P<0.05). 
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The highest grade for which at least two items meet the criteria is adopted as the degree of liver damage. ICG R15, indocyanine green retention rate at 15 min; LCSGJ, Liver Cancer Study Group of Japan. Table IV . Three MITS scores that combine the NxS factor and liver function. The MITS-CP score was obtained via the summation of the NxS and the Child-Pugh values, the MITS-LD score was obtained via the summation of the NxS and the liver damage values, and the MITS-ALBI score was obtained via the summation of the NxS and ALBI values. ALBI, albumin-bilirubin; MITS-CP, mathematical integrated model for tumor staging with the Child-Pugh classification; MITS-LD, mathematical integrated model for tumor staging with the degree of liver damage classification; MITS-ALBI, mathematical integrated model for tumor staging with the albumin-bilirubin grade; NxS, product of tumor number and size.
The distribution of the NxS factor for each T factor of the TNM staging systems (LCSGJ and UICC) is shown in Fig. 1 NxS >9. The distribution of the NxS factor among patients with T1, T2, and T3 of the TNM staging system (LCSGJ) was similar to that of T1a, T1b, and T2 of the TNM staging system (UICC), respectively. On the whole, the distribution of the NxS factor was relevant to that of T factor of the TNM staging systems, especially UICC 8th.
In the present study, no patients were classified as Child-Pugh C, Liver Damage C, and ALBI grade 3. Although there were not significant differences in DFS between the Child-Pugh A and B, there were significant differences in OS between the Child-Pugh A and B (P<0.05). Meanwhile, there were significant differences in DFS and OS between the degree of liver damage A and B, and there were also significant differences in DFS and OS between the ALBI grade A and B.
The Kaplan-Meier estimated DFS curves and OS curves according to the three MITS scores, the JIS score, the M-JIS score, the ALBI-T score, the Tokyo score, the CLIP score, and the BCLS staging system are shown in Figs. 2 and 3 , respectively. In univariate analysis, there were significant differences (all P<0.05) in both DFS and OS between patients with different MITS-LD scores (score 0 vs. score 1; score 1 vs. score 2; score 2 vs. score 3) and MITS-ALBI scores (score 0 vs. score 1; score 1 vs. score 2; score 2 vs. score 3), respectively. Of the known prognostic scores, the M-JIS score had good stratification abilities for both DFS and OS. There were significant differences in DFS (all P<0.05) between patients with different M-JIS scores (score 0 vs. score 1, score 1 vs. score 2; score 2 vs. score 3; score 3 vs. score 4), and there were significant differences (all P<0.05) in OS between patients with different M-JIS scores (score 0 vs. score 1; score 1 vs. score 2; score 2 vs. score 3), but there was a marginal difference between patients with score 3 and those with score 4 (P=0.0644). Among the nine staging systems, the MITS-LD score and the MITS-ALBI score demonstrated significant differences in DFS and OS between all adjacent strata. The Table VI shows multivariate Cox proportional hazards regression analyses of the associations between staging systems and survival rates. There were also significant differences (all P<0.05) in both DFS and OS between patients with different MITS-LD scores (score 0 vs. score 1; score 1 vs. score 2; score 2 vs. score 3). Similarly, there were significant differences (all P<0.05) in DFS between patients with different MITS-ALBI scores (score 0 vs. score 1; score 1 vs. score 2; score 2 vs. score 3). There were significant differences (all P<0.05) in OS between patients with different MITS-ALBI scores (score 1 vs. score 2; score 2 vs. score 3), but there was a marginally significant difference between patients with score 0 and those with score 1 (P=0.0942). Among the nine staging systems, only the MITS-LD score and demonstrated significant differences in DFS and OS between all adjacent strata. Figure 1 . Distribution of the NxS factor for the T factor. (A) Distribution of the NxS factor for the T factor of the TNM staging systems (LCSGJ). The group of patients classified as T1 consisted of 166 patients, all of whom exhibited an NxS factor <4. In addition, the majority of patients with T1/T2 had an NxS factor <4. (B) Distribution of the NxS factor for the T factor of the TNM staging systems (UICC). The group of patients classified as T1a consisted of 198 patients, all of whom had an NxS factor <4. In addition, the majority of patients with T1 (T1a/T1b) had an NxS factor <4. However, the group of patients classified as T3 consisted of 56 patients, all of whom had an NxS >9. The distribution of the NxS factor among patients with T1, T2 and T3 of the TNM staging system (LCSGJ) was similar to that among patients with T1a, T1b and T2 of the TNM staging system (UICC). LCSGJ, Liver Cancer Study Group of Japan; NxS, product of tumor number and size; UICC, Union for International Cancer Control.
Discussion
Staging systems based on information about both tumor factors and liver function are required to accurately classify HCC patients. External validation of the scores that combined the NxS factor and liver function was performed in terms of stratification ability in comparison with the known prognostic systems, and the most important finding of the present study was that the MITS-LD score had better stratification ability than that of other known prognostic systems for both DFS and OS. Although we had previously reported that the NxS of the largest tumor (i.e. the NxS factor) was a useful tumor factor to predict prognostic outcomes of HCC patients after curative hepatectomy (19, 25) , and the score obtained by combining the NxS factor with the degree of the liver damage classification provided good stratification abilities for DFS (19) , there had been a need for external validation of the score. The current study demonstrated the utility of the scoring system that combined the NxS factor with the degree of the liver damage classification to predict both DFS and OS of HCC patients after hepatectomy.
The current study provided validation that the NxS factor, with optimal cut-off values determined to be 4 and 9, was a useful tumor factor to predict HCC prognosis, and these cut-off points were determined in reference to the Milan criteria (single tumor ≤5 cm in size or ≤3 tumors each ≤3 cm in size) (24) in the previous study (19) , and classified the HCC patients into 3 groups showing different prognoses. All HCC patients with NxS factor <4 were within the Milan criteria and had a low incidence of recurrence, almost all patients with NxS factor >9 were outside the Milan criteria and had a high recurrence rate, and the remaining HCC patients with NxS factor 4-9 were considered to be at intermediate risk for HCC recurrence. Since the Milan criteria were first proposed in 1996, they became a cornerstone in the management of HCC patients and were partially or fully incorporated into several staging systems, such as TNM or BCLC. Until now, there has been an interest in changing how tumor morphological data are used to predict HCC prognosis. Mazaaferro proposed the 'Metroticket paradigm' (26) to express such a concept, that the longer the trip (i.e. an increase in tumor size and/or number of tumors) resulted in a higher ticket price (i.e. reduction in expected survival), and developed the Up-to-7 criteria (27) (ie, the sum of the largest tumor diameter in centimeters and the number of tumors is <7), which is one of the most popular liver transplantation criteria for patients who present with HCC beyond the Milan criteria. Total tumor volume (28) , defined as the sum of the volume of each tumor [(4/3) x3.14 x (radius of the tumor in cm) 3 ], has also been an area of interest. Our NxS factor was similar in concept to the Metroticket paradigm, successfully transforming both tumor number and size into a single parameter. The current study demonstrated that the NxS factor with 'user-friendly' cut-off values (i.e. 4 and 9) could be a simple and comprehensive measure of tumor burden to predict the prognosis of HCC patients following liver resection. Notably, the NxS factor can be obtained from imaging modalities such as computed tomography (CT) or magnetic resonance imaging (MRI), and information on pathological vessel involvement is not needed. Although vascular invasion, one of the TNM staging components, is considered a prognostic factor, a peripheral vascular invasion is usually observed as microvascular invasion in the resected specimen and underestimated preoperatively (29, 30) . Thus, unsuccessful preoperative assessment causes a potential limitation in the TNM and TNM-based systems due to the discrepancy between the pre-and postoperative status of HCC patients. In this regard, there is still room for the development of a novel tumor factor that is simple, robust, and does not need information on pathological vessel involvement. The NxS factor could solve these problems, and it was demonstrated that the patients' distribution of the NxS factor was relevant to that of the T factor of the TNM staging systems, especially UICC 8th, in the current study. Additionally, both tumor number and size of the largest tumor are also used as the main parameters of the TNM staging system (22, 31) , and the current study confirmed that the MITS-LD model better predicted the prognosis of HCC patients than the TNM and TNM-based systems, such as the JIS score, M-JIS score, and ALBI-T score. Unlike the BCLC staging, the MITS models are not intended to be treatment allocation systems, however, the MITS models could be easy-to-use preoperative assessments for predicting HCC prognosis because the scores can be determined preoperatively via several imaging modalities and laboratory data.
Another goal of the MITS models is to develop a globally applicable staging classification. There is currently no globally accepted system for predicting HCC prognosis, and thus no common language on which to base treatment decisions and guide research. Our novel NxS factor is very simple and obtained anywhere and easily in daily practice. Thus, it may become one of the commonly used scores in many countries to predict prognosis of HCC patient. Although the prognosis of HCC patients is complex for various reasons, simple staging systems available anywhere are needed at first to compare differences the prognosis of HCC patients among the nations. Among the staging systems that combine tumor factor and liver function, the MITS-LD model, which integrates the degree of liver damage classification, provides the best prognostic ability. The degree of liver damage classification was proposed by the LCSGJ and incorporates the ICGR15 test instead of encephalopathy in the Child-Pugh classification system. The ICGR15 test has been widely used in the field of surgery in Japan as a useful marker of hepatic function (32) , but it is not routinely assessed in other parts of the world. Therefore, the MITS-LD model may not be validated in countries outside of Japan, but the MITS-ALBI model, which integrates the ALBI score (23) calculated using only serum albumin and total bilirubin, provided predictive accuracy for DFS. The ALBI score is a new model for assessing the severity of liver dysfunction and is a simpler, more objective, and evidence-based alternative to the Child-Pugh classification (21) . Furthermore, Hiraoka et al (33) reported that the patients' distribution of the ALBI score was similar to that of the liver damage classification. Thus, the MITS-ALBI score can be a useful system for assessing HCC prognosis when and where the ICGR15 test cannot be obtained.
The present study had several limitations. First, the data on tumor characteristics in the current study were collected from postoperative histopathology reports. In fact, further analysis of preoperative and postoperative data collected prospectively is needed to investigate the prognostic ability of the MITS score in terms of its utility for preoperative assessment and a low discrepancy between the pre-and postoperative status of HCC patients. Second, the MITS models were developed and validated in Japan, and in the current study, 66.7% of HCC patients had evidence of HCV infection. This feature is different from Western countries, North America, Africa, and other Asian countries (34) , and the present results require confirmation in different geographical areas. Third, the NxS factor only considers tumor morphology, and HCC patients with invasion of the major portal or hepatic vein branches were excluded in this study. Although macrovascular invasion has been well accepted as an established marker of a poor prognosis and is staged as an advanced group, such as BCLC stage C (14) or T4 of the TNM (UICC) staging system (31) , the MITS models are not appropriate for HCC with macrovascular invasion. Fourth, this study investigated HCC patients who underwent complete surgical resection, and most patients were diagnosed at a relatively early stage with good liver function. In the current study, surgical resection was applied for HCC with ≤3 lesions regardless of the tumor size in preoperative imaging modality, when preoperative liver function is Liver damage A or B. As expected, almost of all patients had HCC with ≤3 lesions and there were only 20 patients (2.1%) had multiple HCC with ≥4 lesions in the resected specimen. Thus, validity of upper-intermediate and advanced HCC had been unknown. In this regard, further studies will be needed to evaluate whether the robustness of the MITS models in predicting HCC prognosis could be maintained in a cohort in which the majority of patients receive non-surgical treatment.
In patients with HCC, the prediction of prognosis is complex compared with most solid tumors, because the prognosis and treatment of HCC depend on the tumor burden in addition to patient's underlying liver disease and liver functional reserve. It has been generally known that early recurrence of HCC, which is considered as residual intrahepatic metastasis, is the major risk factor affecting survival after hepatic resection. On the other hand, even when primary HCC is completely treated, recurrence is observed much more frequently in the form of multicentric carcinogenesis in the residual cirrhotic liver, because the potential for multicentric carcinogenesis increases with the progression of chronic liver disease and liver cirrhosis (35, 36) . We have already demonstrated that the NxS factor is a powerful prognostic factor to predict early HCC recurrence (25) , and in the current study, the MITS models had good stratification ability for DFS. Even now, there is no standard of care for adjuvant therapy for HCC patients who underwent hepatectomy. However, the prognostic score based on the data of patients who did not receive effective adjuvant therapy will be valuable and act as the standard when the effective adjuvant therapies to prevent early HCC recurrence are developed. Thus, we expect that the MITS models will help us better decide which patients need adjuvant therapy and which patients do not in the future. On the other hand, long-term OSs of MITS 0-2 were similarly poor prognosis, and these outcomes may derive from the underlying liver disease, liver functional reserve and multicentric carcinogenesis. In the future, effective antiviral agents such as direct acting antivirals for HCV (37) may prove an improvement long-term prognosis of HCC patients.
In conclusion, the NxS factor could be a comprehensive measure of tumor burden to predict the prognosis of HCC patients following liver resection, and the MITS-LD score provides better prognostic ability than known staging systems. The MITS-LD score could also be an easy-to-use preoperative assessment for predicting HCC prognosis, because the scores are very simple and can be determined preoperatively via several imaging modalities and laboratory data in daily practice.
